
PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6
: (11) International Publication Number: WO 98/29055

A61F A2
(43) International Publication Date: 9 July 1998 (09.07.98)

(21) International Application Number: PCT/US97/22706

(22) international Filing Date; 15 December 1997 (15.12.97)

(30) Priority Data:

60/033,511 19 December 1996 (19.12.96) US
15 December 1997 (15.12.97) US

(71) Applicant: MEDTRONIC INC. [US/US]; 7000 Central Av-

enue Northeast, Minneapolis, MN 55432 (US).

(81) Designated States: AU, CA, JP, European patent (AT, BE.

CH, DE, DK, ES, FT, FR, GB, GR, IE, IT, LU, MC, NL.
PT, SE).

Published

Without international search report and to be republished

upon receipt of that report.

(72) Inventors: CROSS, Thomas, E., Jr.; 23810 Nightingale Street,

SL Francis, MN 55070 (US). SHOBERG, Bret, R.;

10120 Highland Ridge Road, Corcoran, MN 55070 (US).

RAUSCH, Alan, C; 5200 76th Avenue North, Brooklyn

Park, MN 55443 (US). HJELLE, Mark, A.; 2768 North

Riviera Drive, White Bear Lake, MN 551 10 (US).

(74) Agents: DUTHLER, Reed, A. et al.; Medtronic, Inc., 7000

Central Avenue Northeast, MS301, Minneapolis, MN 55432

(US).

(54) Title: MEDICAL ELECTRICAL LEAD

(57) Abstract

An improved lead body for implantable leads comprising a longitudinally extending core section provided with longitudinally extending

grooves in which conductors are located and an outer tubular member, encasing the core and conductors.



FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

AL Albania ES Spain LS Lesotho SI Slovenia

AM Armenia FI Finland LT Lithuania SK Slovakia

AT Austria FR France LU Luxembourg SN Senegal

AU Australia GA Gabon LV Latvia sz Swaziland

AZ Azerbaijan GB United Kingdom MC Monaco TD Chad

DA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo

BB Barbados CH Ghana MG Madagascar TJ Tajikistan

BE Belgium GN Guinea MK The former Yugoslav TM Turkmenistan

BF Burkina Faso GR Greece Republic of Macedonia TR Turkey

BC Bulgaria HU Hungary ML Mali TT Trinidad and Tobago

BJ Benin IE Ireland MN Mongolia UA Ukraine

BR Brazil 1L Israel MR Mauritania UG Uganda

BY Belarus IS Iceland MW Malawi US United States of America

CA Canada IT Italy MX Mexico uz Uzbekistan

CF Central African Republic JP Japan NE Niger VN Viet Nam
CC Congo KE Kenya NL Netherlands YU Yugoslavia

CH Switzerland KG Kyrgywran NO Norway zw Zimbabwe

a Cote d'lvoire KP Democratic People's NZ New Zealand

CM Cameroon Republic of Korea PL Poland

CN China KR Republic of Korea PT Portugal

CU Cuba KZ Kazak&tan RO Romania

CZ Czech Republic LC ' Saint Lucia RU Russian Federation

DE Germany U Liechtenstein SD Sudan

DK Denmark LK Sri Lanka SE Sweden

EE Estonia LR Liberia sc Singapore



WO 98/29055 PCT/US97/22706

i

MEDICAL ELECTRICAL LEAD

Background of the Invention

The present invention relates to medical electrical leads, generally, and more

particularly to implantable medical leads employing multiple conductors.

Typically, implantable medical leads carrying multiple conductors have either

employed lead bodies formed of extruded, multiple lumen tubing or have employed a

coaxial structure, in which single lumen tubes are mounted coaxially around one

another to define multiple lumens in which conductors may be located.

Summary of the Invention

The present invention is directed toward an improved lead body construction

for use in conjunction with implantable medical leads. The lead body is formed of

separate parts including an extruded core or strut member which is provided with

longitudinally extending grooves in which conductors may be located and an outer

tubing member, surrounding the core. The outer tubing and the core together define

multiple lumens in which conductors may be located. This construction simplifies the

manufacture of the leads, as it allows the conductor simply to be laid in the elongated

grooves of the core, rather than requiring that they be pushed or pulled along the

lengths of preformed lumens. In some embodiments of the invention, the core is

provided with a central, reinforcing strand, extending along the length of the lead,

providing for structural integrity and high tensile strength. The core may be

manufactured as a single extrusion, extending the entire length of the lead, or may

take the form of sequentially aligned multiple extrusions of differing materials to

provide for differential flexibility along the length of the lead.

Brief Description of the Drawings

FIG. 1 is a plan view of an implantable lead of the type in which the invention

may be practiced.

FIG. 2 is a cross-section of one embodiment of an extruded core for use in

practicing the invention.
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FIGs. 3-6 are cross-sections of leads practicing the invention, employing a

core generally as illustrated in FIG. 2.

FIG. 7 is a sectional view along the length of a lead corresponding to that

illustrated in FIG. 4.

FIG. 8 is a view of a core as illustrated in FIG. 2 with conductors mounted,

which has been twisted, prior to application of the outer tube portion of the lead body.

FIG. 9 is a cross-section through an additional alternative embodiment of a

leads according to the present invention.

FIG. 10 is a cross-section through an additional alternative embodiment of a

leads according to the present invention.

Detailed Description of the Preferred Embodiments

FIG. 1 is a plan view of an implantable defibrillation lead, employing the

present invention. The lead is provided with an elongated insulative lead body 10,

which is fabricated according to the present invention, and described in more detail

below. At the distal end of the lead is a pacing electrode 12, extending from an

insulative tine sheath 14. Proximal to tine sheath 14 are a ring electrode 16 and two

elongated coil defibrillation electrodes 1 8 and 20. Each of the electrodes is coupled to

an elongated conductor located within lead body 10 and extending to connector

assembly 22. Connector assembly 22 carries three connector rings 24, 26 and 30, and

a proximal connector pin 34. Connector rings 24 and 26 are coupled to the conductors

which are coupled to defibrillation coil electrodes 18 and 20. Connector ring 30 is

coupled to ring electrode 16 and connector pin 34 is coupled to pacing electrode 12.

Sealing rings 32 and 28 provide for fluid seals, within the connector block of an

implanted pacemaker/cardioverter/defibrillator. A stylet 36 is shown extending from

connector pin 36. Manufacture of the electrodes 12, 16, 18 and 20 and connector

assembly 22 may be accomplished using any of the conventional methods presently

employed to produce implantable pacing and defibrillation leads. In conjunction with

embodiments of the present invention which employ bundled, stranded conductors,

interconnection of the conductors to the electrodes and connector rings may be
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accomplished by crimping, swaging and/or welding, as known to the art. In

particular, interconnection of bundled, stranded conductors to connectors and

electrodes may be accomplished according to U.S. Patent application SN 08/439,332,

filed may 1 1, 1995 by Swoyer et al., U.S. Patent 5,676,694, granted October 14, 1997

to Boser et al, or issued U.S. Patent No. 5,246,014 issued to Williams et al, all

incorporated herein by reference in their entireties.

FIG. 2 is a cross-section ofa preferred embodiment of the strut or core

member portion of the lead body illustrated in FIG. 1 . Core 102 is provided with four

radially extending portions 180, 182, 184 and 186 which extend longitudinally along

the length of the core, and which in turn define four longitudinally extending grooves,

190, 192, 194 and 196. As visible in FIG. 2, it can be seen that the grooves, 190, 192,

194 and 196 are generally circular in cross-section, and that their width at the outer

periphery of core 102 is less than their maximum width internal to core 102. This

construction allows for insulated conductors which have an outer diameter

corresponding to the maximum width of the grooves to be snapped into the groove, as

part of the construction process. This mechanism greatly simplifies construction, as

the insulated conductors, once snapped into the grooves, will remain there without

additional measures during the remainder of the assembly process, during which the

assembled core and conductors are slid into the outer tubular portion of the lead body.

FIG. 3 shows a cross-section through a lead body employing the core 102

illustrated in FIG. 2. An outer, insulative tube 100 is shown surrounding core 102,

defining four lumens in which four insulated conductors 104, 106, 108 and 1 10 are

located. Each ofthese conductors may take the form of a bundled, stranded conductor

as described in the above cited patents and applications or in pending U.S. Patent

5,584,873 granted December 17, 1996 to Shoberg et al or U.S. Patent Application SN

08/71 1,829 filed September 10, 1996 by Laske et al, both of which are incorporated

herein by reference in their entireties. The invention may also be practiced using any

of the numerous other stranded conductors known to the art and may also be usefully

practiced using coiled conductors, which similarly could be snapped into the grooves

in core 102. As illustrated, although the conductors have varying diameters in
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accordance with the amount of current they are intended to carry, each is provided

with an outer insulative sheath, 1 12, 1 14, 1 16 and 1 1 8, which provides an overall

diameter for the insulated conductors which is equal in each case, and corresponds to

the maximum widths of the grooves in which the conductors are located. By this

mechanism, a single core member may accommodate a wide variety of conductor

types and sizes, allowing for the production of a variety of lead bodies all employing

the same core and outer tube.

In the lead illustrated in FIG. 3, the core may be extruded from a different

plastic than the outer tube 1 00. For example, in the context of implantable pacing and

defibrillation leads, an inner core 102 fabricated of a polyurethane and outer tube of

silicone rubber, is to be particularly desirable. The core and tube may also be

fabricated of the same material. The particular durometers of the various plastics

chosen may be varied in order to provide desired mechanical characteristics. In the

context of implantable pacing and defibrillation leads, the use of silicone rubber

insulation on the insulated conductors is believed particularly desirable, in that it does

not exhibit cold flow or creep, and thus will not allow for migration ofthe conductors

through the insulation due to repeated flexing of the lead body. In the context of a

lead not intended for use under conditions in which repeated flexing occurs, other

insulator materials such as polyurethane, polytetraflouroethylene, and so forth, may

also be employed.

Tube 100 has an inner diameter approximately equal to the outer diameter of

core 102. Tube 100 may be expanded by a suitable chloroflourocarbon or

hydrocarbon swelling agent prior to inserting core 102 therein. Alternatively, tube

102 may be expanded by means of air pressure applied at one end while the other end

is sealed. If the frictional interference between tube 100 and core 102 permits, use of

a lubricant such as alcohol may be sufficient to facilitate insertion of the core. In

most embodiments of the invention, use of adhesive to bond the core to the tube will

be unnecessary.

FIG. 4 is a cross-section through an alternative embodiment of a lead

employing the present invention. All elements of the lead illustrated in FIG. 4
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correspond to the identically numbered elements of the lead illustrated in FIG. 3 with

the exception that a modified central core 102a is provided, which has located therein

a reinforcing cord 120, which extends the length of the lead, which may be fabricated,

for example, of polyethylene terepthalate, polyester or other high tensile strength

fiber. In embodiments in which the lead body is manufactured of relatively soft

plastics oflow tensile strength, reinforcement 120 is particularly desirable.

Reinforcement 120 is also valuable in conjunction with embodiments of the lead

which employ a core manufactured of discrete segments of differing plastics, to

provide for flexibility transitions along the length of the lead, as noted above.

FIG. 5 is a cross-section through an additional alternative embodiment of a

lead employing the present invention. All labeled elements of FIG. 5 correspond to

identically numbered elements in FIG. 3 with the exception that a modified core 102b

is provided which contains an off-center lumen 122 in which a tensile member 124 is

located. Tensile member 124 may be, for example, a pull wire coupled to the tip of

the lead, such that traction on the pull wire causes deflection of the tip of the lead in

the manner described in U.S. Patent No. 4,677,990, issued to Neubauer, also

incorporated herein by reference in its entirety. In conjunction with this type of

embodiment, it may also be desirable to employ a flexibility transition as discussed

above in conjunction with FIG. 4, providing a more flexible distal tip and thereby

confining the location of the deflection to the more flexible portion of the lead. As

noted above, in embodiments including multiple part cores, the inclusion of a

reinforcement strand may also be desirable.

FIG. 6 illustrates yet another embodiment of a lead employing the present

invention. All elements of FIG. 6 correspond to identically numbered elements

illustrated in FIG. 3, with the exception that modified core element 102c is provided

which is provided with a central lumen 126 in which a stylet 128 is located. Stylet

128 may be employed to advance the lead through the vascular system, or in the

context of a neurological lead, to advance the lead within the spinal column, it is

preferably coated with polytetraflouroethylene or parylene in order to decrease the
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friction associated with its passage through lumen 126 and reduce the likelihood of

puncturing core 102c.

FIG. 7 is a sectional view through a lead as illustrated in FIG. 4, employing a

central reinforcing strand 120. In this embodiment, the core 102a takes the form of

multiple sections 150, 152 and 154 which are structurally identical to one another, but

are extruded of differing materials. For example, if a change in flexibility is desired

along the length of the lead, core members fabricated of polyurethanes of differing

hardness may be employed. For example, available polyurethanes for implantable

leads include polyurethanes having durometers ranging from 55D through 90A. As

noted above, this flexibility transition may particularly desirable in the context of the

device employing a pull wire, to provide a more flexible distal portion which in turn

limits the deflection caused by the pull wire to the distal portion of the lead.

FIG. 8 illustrates an alternative method of production of a lead according to

the present invention. The core 102 corresponds to that illustrated in FIG. 3, and the

outer insulation 1 1 2, 1 1 4, 1 1 6 and 1 1 8 of the conductors illustrated in FIG. 3 can be

seen located within the grooves of core 102. However, this view illustrates that the

core 102 may be twisted prior to its insertion into outer tubular member 100, so that

the assembled body will define longitudinally extending helical lumens, increasing the

resistance of the lead body to fracture of the conductors due to repeated flexing. The

twisted core 102, if fabricated of polyurethane, may be heated to cause the twisted

configuration to become set, prior to assembly. Alternatively, the twisted

configuration may be maintained by means of adhesives, coupling the core 102 to the

outer tubing 100, so that the outer tubing maintains the core in its twisted

configuration.

Figure 9 illustrates a cross-section through an additional alternative

embodiment of the lead according to the present invention. In this embodiment, the

core 302 is provided with three longitudinally extending grooves carrying conductors

304, 308 and 3 1 2. Conductors 304, 308 and 3 12 are provided with insulative sheaths

306, 3 1 0 and 3 1 4. In this embodiment, the fourth conductor takes the form of a

conventional coiled conductor 3 1 8 located in a central lumen 316 within core 302.
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This embodiment is particularly desirable for use in conjunction with embodiments

which might employ an advanceable fixation helix rotated by means of conductor

316, as disclosed in U.S. Patent No. 4,106,512 issued to Bisping and incorporated

herein by reference in its entirety. The interior lumen 320 of coiled conductor 3 1

8

may serve as a passage for insertion of a stylet used to position the lead.

Figure 10 is a cross-sectional view through an additional alternative

embodiment of the lead according to the present invention. In this embodiment, the

core 402 is provided with three longitudinally extending grooves carrying conductors

404, 408 and 412, each ofwhich is provided with an insulative sheath 406, 410 and

414 respectively. Core 402 is also provided with an eccentrically located lumen 416

carrying a coiled conductor 418. Coiled conductor 418 is wound to define an internal

lumen 420 which allows for passage of a stylet which may be used to assist in

positioning the lead. Coiled conductor 418 may be coupled to a fixed electrode as

illustrated in the lead in Figure 1 or alternatively may be coupled to an advanceable

helical electrode as disclosed in the above cited Bisping patent.

Although the illustrative embodiment of Figure 1 is a lead in which all

conductors are coupled to electrodes, it should be understood that the lead body

construction of the present invention is equally applicable to leads carrying other

types of sensors, such as pressure sensors, temperature sensors and the like, as well as

being applicable to leads which carry other types of electrically powered devices.

In conjunction with the above disclosure, wc claim:
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Claims:

1 . A medical electrical lead, comprising an elongated lead body carrying multiple

conductors, wherein the lead body comprises;

an inner, core member having radially extending portions defining one or

more longitudinally extending grooves therebetween along the length of the core;

an outer tubular member surrounding the core; and

conductors located in said one or more of the longitudinally extending grooves

of the core; and

wherein the dimension of the longitudinally extending grooves at the outer

periphery of the core is less than the maximum internal dimension of the grooves.

2 A lead according to claim 1 wherein the outer dimension of the conductors is

greater than the width of the grooves of the outer periphery of the core, whereby they

may be snapped into the grooves.

3 A lead according to claim 1 wherein the core member comprises two or more

core member portions fabricated of materials having different mechanical properties,

joined end to end.

4. A lead according to claim 1 or claim 2 or claim 3, further comprising a

reinforcement extending longitudinally through the core.

5. A lead according to claim 1 wherein the core and outer tubular member are

fabricated of different materials.

6. A lead according to claim 1 wherein said core further comprises a

longitudinally extending conductor lumen and wherein said lead further comprises an

additional conductor located in said longitudinal conductor lumen.
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longitudinally extending grooves comprise one or more grooves taking the form of

longitudinally extending spirals.
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